The difficulty experienced in the sensitization of laboratory animals with horse dander has led more than one investigator to question the antigenic properties of the substance. One of these expressions of doubt bears so recent a date as 1923 (2) , in spite of the considerable amount of evidence that has accumulated since horse dander was first implicated in the causation of asthma. This point has recently been reinvestigated by Longcope, O'Brien, and Perlzweig (3) and their work shows conclusively that a saline extract of horse dander is capable of sensitizing and producing anaphylactic death in guinea pigs.
Still more recently Alexander, Becke, and Holmes (4) have succeeded in sensitizing guinea pigs by exposing them to a spray of saline extract of horse dander. 9O3
Such animals showed no symptoms when again exposed after a suitable interval to this spray, but when tested by the uterine strip method in a Dale apparatus, responded with marked contraction upon the addition of dander extract to the bath. Wodehouse (5) has made an extensive study of the separable antigens of horse dander as well as those of the hair of cats and dogs. As principal constituents of each of these he found in his weakly alkaline (•/100 KOH) extract (1) an acidprecipitable substance which he called "alkali meta-protein," (2) an "acid metaprotein," precipitated by addition of alkali to the acid filtrate from the preceding, and (3) a peptone. In addition to these he found in horse dander (4) an alcoholsoluble protein and (5) a heat-coagulable protein.
Longcope and his associates (6) have recently used more exact methods of isolation and have obtained two fractions of antigenic importance from horse dander, one of which, their protein B, makes up much the larger portion of the substances in solution. This fraction is precipitated between pH 3.2 and pH 3.8 and is probably to be identified with the "alkali meta-protein" of Wodehouse.
The second fraction, their protein D, precipitates at pH 12.0, is much smaller in amount, and may possibly be the same as Wodehouse's "acid meta-protein." It is difficult to correlate these two studies exactly because the latter author did not use pH values in his description. It is further noteworthy that Longcope and his coworkers found no precipitation occurring at the isoelectric points of serum globulin or albumin.
Ratner, jackson, and Gruehl (7) have made a very brief report which has a more direct bearing upon the results here submitted. This report states that they have obtained cross-anaphylactic reactions with horse dander and horse serum. No further details of their experimentation are given, however, except the remark that the Dale method was not relied upon as a final criterion for anaphylaxis. The writer has not encountered their further report in subsequent literature.
EXPERIMENTAL DATA.
Three routes of approach have been employed in the effort to determine whether an antigenic relationship exists between horse serum and horse dander: (1) cross-precipitation tests, rabbits being used for precipitin production; (2) cross-anaphylactic tests in guinea pigs by the uterine strip method of Dale; (3) cross-anaphylactic tests by the usual method of producing dyspnea and fatal shock in guinea pigs.
Antigens.--The dander antigens employed were prepared by various methods, but were of two principal types: (1) saline suspensions of whole dander and (2) saline extracts of dander.
In preparing the whole dander suspensions 5 gin. of the dry dander was suspended in 100 cc. of neutral 0.85 per cent NaCI by shaking with glass beads. At first these suspensions were partially sterilized (phenolized or formalinized) to avoid severe abscess production which usually followed its intraperitoneal injection into rabbits and guinea pigs. It was found, however, that the mass of small hairs present in suspension was chiefly responsible for the abscesses. Centrifugalization removes the greater portion of hair, and abscesses were thus avoided. No difference was found in the immunizing value of the two preparations.
For the saline extract of horse dander the same proportions were used, namely, 5 gln. of dry dander per 100 cc. of neutral 0.85 per cent NaC1 solution. The extract, however, had a reaction of pH 7.2 to 7.6 without buffering. A drop or two of phenol red was added to the saline to indicate the reaction. The suspension was then shaken with beads for 4 or 5 hours and centrifugalized for about an hour in order to throw down the heavier part of the material. The supernatant was then filtered either through a Berkefeld or through a Seitz filter, and was ready for use, a clear amber fluid, tinged by the phenol red. Considerable difference in antigenic value was found between the products of these two filters. This will be referred to again below.
The filtrate was found to contain as its chief antigenic constituent a protein, precipitable by dilute acetic acid, which seems to answer to the "alkali metao protein" of Wodehouse (5) and to the protein B of Longcope, O'Brien, and Perlzweig (6). This acid-precipitable substance was obtained by adding drop by drop, stirring meanwhile, a minimal amount of N/1 acetic acid for producing maximal precipitation. Two more precipitations were done for purification. That this purified fraction is fairly efficient as an antigen was demonstrated by the production of precipitin titers as high as 1-540 and by the active sensitization of one guinea pig, tested by the uterine strip method. At least one other protein was present in horse dander, but in much smaller proportions. Its isolation was not attempted.
Both whole dander suspensions and the saline extracts elicited precipitating sera of comparatively high titers. Only the extract served, however, for the precipitation tests because of the turbidity of the suspensions.
Precipi~tion Tests.--Ten antisera against horse dander (eight against whole dander and two against dander extract) were produced in rabbits, their titers varying from 1-160 to 1-10,240. In six of them cross-precipitation was obtained. That is to say, these six antidander sera precipitated not only homologous antigen (dander extract), but also normal horse serum. The other four antidander sera had such low titers that cross-precipitation was not attempted.
At first the reciprocal cross-reaction was not obtained, namely, the precipitation of horse dander extract by antisera against horse serum. Four of the latter antisera, ranging in titer from 1-2,560 to 1-10,640, were titrated with Berkefeld-filtered saline extract of horse dander with negative results. Two of these antisera, when subsequently titrated against Seitz-filtered dander extract, 1 precipitated this antigen. The other two sera had not been preserved. Three additional sera have since been produced against horse serum, however, with all of which cross-precipitation has been obtained, with the Seitz-filtered antigen. Five of these antisera against horse serum have, therefore, precipitated horse dander extract.
The accompanying protocols (Tables I and II) show how the crossprecipitation tests were carried out. Forensic precipitation proportions (0.2 cc. of undiluted antiserum plus 1.0 cc. of antigen dilution, or half these quantities) were used. Table I records the results of the titration of an antiserum against horse dander. The first group of results represents a negative control titration of undiluted antiserum against successive dilutions of an alien serum (normal human serum). Observations were made of the ring test (after 15 minutes), the flocculation test (after 1½ hours at 38 ° or 2 hours at room temperature), and the sedimentation test (after overnight ice box temperature). The second group of results represents a positive control titration of the antiserum against serial dilutions of homologous antigen (Berkefeld-filtered extract). The third group represents a cross-titration of the antiserum against serial dilutions of normal horse serum. The vertical column at the extreme right indicates the antiserum-saline control. Table II shows the results of a titration of an antiserum against horse serum. The negative control antigen in this case was normal guinea pig serum, the positive control antigen normal horse serum, the antigen for cross-titration Seitz-filtered extract of horse dander.
The cross-titers obtained in the two cases represented are markedIy 1 No definite study was made to determine the reason for the difference in these two filtrates. It was observed, however, that the first portion of every Berkefeld filtrate was acid (to phenol red). The alkalinity of the dander extract neutralized the acidity of the filter after a few cc. of the filtrate had been delivered. The first few cc. came through the filter rapidly, but thereafter the filtrate was obtained very slowly. Considering the slight acidity required to precipitate the principal protein in horse dander extract, it seems reasonable to suppose that the acidity of the Berkefeld filter precipitated enough of the dander protein to clog the filter and thus increase its fineness. The Seitz filter, being neutral, offers no such problem. Active Sensitizations.--Of the seven pigs actively sensitized to dander extract (Berkefeld-filtered) only two reacted to horse serum when tested by the uterine strip method, but these are sufficient to show that such a cross-reaction is obtainable. The kymographic record of one of these pigs (No. 1) is shown in Chart 1. This animal was sensitized by 1.0 cc. of dander extract (Berkefeld-filtered), given intraperitoneally, and was used in the test recorded 18 days later. It is noteworthy that although a reaction was obtained with horse serum, the uterus was only partially desensitized, as witnessed by the subsequent reaction to horse dander extract. This is probably explainable by the fact that horse dander contains as its chief antigenic constituent a protein which is not present in horse serum, namely the "alkali meta-protein" of Wodehouse, or protein B of Longcope et al. This partial desensitization of the uterus by horse serum was a regular occurrence in this type of cross-reaction (that is, including guinea pigs passively sensitized to horse dander--see below).
No pig of the eight actively sensitized to horse serum gave a response to dander extract by the Dale method.
Passive Sensitizations.--More success attended the efforts at passive sensitization. Cross-reactions by the uterine strip method of Dale were obtained in six guinea pigs passively sensitized by antidander sera from rabbits. One failure resulted, probably due to an insufficient incubation period. Two other attempts with the same antiserum that was used in this negative case were successful. Chart 2 shows the response of two of these animals (Nos. 2 and 3) to horse serum.
Passive sensitization with sera from rabbits immunized against horse serum was not attempted.
Cross-Anaphylactic Tests in Living Animals.--The results obtained in these tests are in substantial agreement with those already described.
Reactions in Guinea Pigs Sensitized to Horse Dander.--Sensitization was accomplished by a dosage of 1.0 to 2.0 cc. of centrifugalized dander suspension or of Seitz-filtered dander extract, intraperitoneally or intracardially administered. Shock doses of 1.5 to 2.0 cc. normal horse serum were given intracardially 12 to 14 days later. Of twelve pigs thus treated ten experienced fatal shock with typical dyspnea, autopsy showing characteristic marked distention of the lungs. One Slight dyspnea lasting a few min. Survival Dyspnea. Death* within 4 rain. Doubtful symptoms--slight dyspnea. Survival Dyspnea. Death* within 5 rain. Dyspnea. Death* within 3 rain. Dyspnea. Death* within 3½ rain. Dyspnea. Death* within 4 rain. Dyspnea. Death* within 6 rain. I. P. means intraperitoneal injection; I. C., intracardial.
of the two other pigs showed slight respiratory symptoms, but recovered, while the remaining one showed no definite symptoms. Two controls, receiving only the intracardial dose of horse serum showed no symptoms whatever. These results are given in more detail in Table III . pigs received sensitizing doses of 1.0 cc. normal horse serum intraperitoneally (see Table IV ). Shock doses of 2.0 to 4.0 cc. of Seitzfiltered horse dander extract were administered 12 to 15 days later. Five of the guinea pigs sensitized to horse serum were further used to learn whether desensitization had been brought about by injection of the horse dander extract. 24 hours after the latter injection, 2.0 to 4.0 cc. of horse serum was given intracardially to each of these (Nos. 26, 28, 29, 30, 31). For results see Table IV . Three of them (Nos. 26, 30, 31) died in typical anaphylaxis following this treatment. It is obvious that no complete desensitization resulted from any of the "shock doses" (dander extract). Partial desensitization seems to have occurred in some of the five. Thus Nos. 28 and 29 afforded the most characteristic picture of non-fatal anaphylaxis when horse dander extract was given as a "shock dose." No. 28 survived the subsequent injection of horse serum 24 hours later. No. 29 succumbed to the latter treatment, but the death was not anaphylactic, since the lungs were collapsed. Nos. 26 and 30 showed no symptoms following the "shock dose" of horse dander extract, while horse serum on the following day produced dyspnea and death with lungs distended. DISCUSSION. It seems evident from the foregoing results that there is an antigenic element common to horse dander and horse serum. This common antigenic substance yet remains to be isolated biochemically. That it is present in relatively small proportion in horse dander is suggested (1) by the low titer obtained in cross-precipitation tests involving an antiserum against horse serum and extract of horse dander, as well as (2) by the failure of horse dander extract to produce fatal shock or even to desensitize completely guinea pigs which had been sensitized to horse serum. The results here obtained shed no light on the relative concentration of the common antigen in horse serum, since only a minute amount of it would probably be necessary to sensitize a guinea pig and no great amount of it would be necessary for precipitin production in a rabbit.
The work of Longcope, O'Brien, and Perlzweig (6) indicates that horse dander contains no protein precipitable at the isoelectric points of either serum globulin or serum albumin. This seems to be at variance with the results obtained in the present study since dander, if it has any antigenic element in common with serum, must contain either globulin or albumin.
It is possible that serum may be present in dander as a contaminant, as a result of exudation from cuts or sores, or from slight bleeding during the rather strenuous process of currying. If serum proteins were derived from such a source, different lots of dander would, of course, contain different proportions of them. In this study three lots of dander have been used, harmonious results being obtained from all of them. Two lots came from the horses of the Boston Fire Department and one lot from the horses of Parke, Davis and Company.
Whatever the common antigen may prove to be chemically, however, the fact of its existence seems to be attested by the results detailed herewith. Furthermore, the fact of sensitivity both to horse serum and to horse dander extract, such as is shown in a considerable percentage of horse-asthmatics is logically explained thereby. SUMMARy. Evidence has been submitted of the existence of a common antigenic substance in horse dander and horse serum. This evidence has been derived from three lines of study:
(a) Cross-precipitation tests involving (1) the titration of anfisera against horse serum with saline extract of horse dander and (2) titration of antisera against horse dander with normal horse serum.
(b) Cross-anaphylactic tests by the uterine strip method of Dale.
(c) Cross-anaphylactic tests in living guinea pigs by the usual shock method.
It seems likely from the work here described that the common antigen is present in small proportion in horse dander. Its concentration in horse serum is not indicated by the results obtained.
The writer desires to express his appreciation to Dr. Hans Zinsser for his interest and helpful criticisms during the course of the work.
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